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Prolonged mechanical ventilation in cardiac surgery patients has been associated 
with increased hospital stay, increased intensive care unit (ICU) length of stay, higher 
health care costs, and higher morbidity from atelectasis, intrapulmonary shunting and 
pneumonia. Early extubation of post-operative cardiac surgery patients has been 
associated with shorter ICU and overall hospital stays, reduced mortality, decreased 
resource use, and is safe and effective in elderly patients with no increased risk of 
reintubation. As such, the question arises in intubated post-operative cardiac surgery 
patients, how does a nurse-driven extubation protocol compared to no standardized 
protocol affect extubation rates within six hours post-operative? Per evidence synthesis, 
the recommendation was to develop and implement a nurse-driven multidisciplinary 
protocol to facilitate standardized early extubation (i.e., within six hours post-operative) 
in cardiac surgery patients. The Iowa Model helped to craft the evidence-based 
implementation plan, with a clear outline from the synthesis to intervention, outcomes 
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and process. The theoretical framework was based on the AACN Synergy Model of 
Patient Care. Data was collected on six cardiac surgery procedures; coronary artery 
bypass graft (CAB), aortic valve replacement (AVR), AVR/CAB, mitral valve repair 
(MVR), MVR/CAB, and mitral valve replacement. The percentage of patients extubated 
in less than six hours went from 10.4 to 39.8 for AVR; 6.9 to 29.1 for AVR/CAB; 21.7 to 
38.1 for CAB; 7.7 to 50.4 for MVRepair; 0 to 13.8 for MVRepair/CAB; 23.8 to 50 for 
MVReplace. In 2016 the average percentage for early extubation of cardiac surgery 
patients was 11.7. For the data February through August 2018, it was 36.9; an increase of 
25.2%. The implementation of this project has a cost savings of 2.2 million dollars. The 
project plan was grounded in planning for sustainability.  All process makers and data 
collection were selected to move early extubation from project to standard of care. 






Development of the Clinical Question 
and Problem Identification 
Background and Significance 
Prolonged mechanical ventilation in cardiac surgery patients has been associated 
with increased hospital stay, increased intensive care unit (ICU) length of stay, higher 
health care costs, and higher morbidity from atelectasis, intrapulmonary shunting and 
pneumonia (Cove et al., 2016; Fitch et al., 2014; Gutsche et al., 2014; Hefner et al., 
2016).  Early extubation is defined as the removal of the endotracheal tube within six 
hours of end anesthesia time (Cove et al., 2016; Fitch et al., 2014).  Early extubation of 
post-operative cardiac surgery patients has been associated with shorter ICU and overall 
hospital stays, reduced mortality, decreased resource use, and is safe and effective in 
elderly patients with no increased risk of reintubation (Cove et al., 2016; Fitch et al., 
2014; Gutsche et al., 2014; Hefner et al., 2016).  The opportunity to perform early 
extubation is frequently missed due to lack of an early extubation protocol to standardize 
process, lack of multidisciplinary team communication and excessive use of analgesics 
and sedatives reintubation (Cove et al., 2016; Fitch et al., 2014; Gutsche et al., 2014; 
Hefner et al., 2016). As few as 12% of cardiac surgery patients are extubated within six 
hours (Cove et al., 2016). Consequently, post-operative ventilation exceeding 24 hours is 
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an important performance measure as published by the National Quality Forum in the 
United States (Cove et al., 2016).  
Standardized protocols can more than double the number of patients achieving 
extubation within six hours (Gutsche et al., 2014; Hefner et al., 2016; Wong et al., 2016). 
A standardized extubation protocol has been shown to improve efficiency of practice, 
when followed, to reduce differences in individual judgments and expertise (Cove et al., 
2016; Crawford et al., 2016; Gutsche et al., 2014; Swiniarski et al., 2015; Wong et al., 
2016). Standardized post-operative protocols allow nurses to drive the process, improving 
early extubation rates and decreasing ICU length of stay.  Therefore, a nurse-driven 
protocol outlines evidence-based actions and places the decision-making responsibility 
for the determination of extubation readiness into the hands of the bedside nurse (Gutsche 
et al., 2014; Hefner et al., 2016; Wong et al., 2016). As such, the question arises in 
intubated post-operative cardiac surgery patients, how does a nurse-driven extubation 








Critical Appraisal of Evidence,  
Systematic Search 
The search for best evidence should first begin by considering the elements of the 
PICOT question.  Each of the keywords from the PICOT question should be used to 
begin the search (Melnyk & Fineout-Overholt, 2015).  Guided by the PICOT question, a 
systematic search was completed using criteria that reflected the integrated review 
purpose to obtain evidence.  The integrative review is the methodology that provides 
synthesis of knowledge and applicability or results of the evidence to practice.  Databases 
searched to identify the answer to the PICOT question included the Cumulative Index to 
Nursing and Allied Health Literature (CINAHL) and Cochrane databases, specifically the 
Database of Systematic Reviews (CDSR), Medline, and PubMed (see Appendix A).  
Keywords searched included “early extubate*”, “cardiac surgery”, “nurse-driven 
protocol”, “nurse-driven”, “wean*”, and “protocol”.  Article abstracts were obtained 
and assessed for relevancy and inclusion criteria.  Inclusion criteria consisted of adult, 
human cardiac surgery patients, published between 2014 and present in English (see 
Table A.4).  2014 was an important consideration because of the changing field and 
advancement in cardiac surgery.  All articles were reviewed with a general appraisal 
overview form and rapid critical appraisal forms for each study (see Appendix C).  
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Critical Appraisal  
Critically appraising the evidence ensures relevance and transferability of the 
evidence to the specific population for whom the clinician provides care.  It is the 
hallmark of evidence-based practice.  An important task in evidence-based practice is to 
identify which knowledge is to be considered as evidence for clinical decisions (Melnyk 
& Fineout-Overholt, 2015).  A general appraisal overview was conducted for all studies, 
with a corresponding rapid critical appraisal of the studies found in the search.  When 
critically appraising a body of evidence to guide practice decisions, it is important to 
conduct rapid critical appraisal of the studies to determine which studies to keep for 
inclusion in the evidence synthesis.  A synthesis of the studies’ findings allows for the 
determination of whether the findings from the studies agree or disagree, which is 
important in drawing a conclusion about the body of evidence on a clinical issue (Melnyk 
& Fineout-Overholt, 2015).  
In critically appraising the body of evidence on nurse-driven protocols and 
extubation in cardiac surgery patients, three synthesis tables were created for type of 
evidence, major variables and outcomes of early extubation and interventions present in 
the evidence (see Appendix B).  Level I evidence, evidence from a systematic review or 
meta-analysis of all relevant random controlled trials (RCTs), is considered the highest 
level of evidence for intervention questions.  Wong et al. (2016) is a Level I.  Level IV 
evidence is from well-designed case-control and cohort studies. Cove et al. (2016) and 
Fitch et al. (2014) are level IV evidence studies.  Swiniarski et al. (2015) is a level V 
study, evidence from systematic reviews of descriptive and qualitative studies.  Six level 
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VI studies were present in the body of evidence.  Level VI are evidence from single 
descriptive or qualitative studies (see Appendix C) (Melnyk & Fineout-Overholt, 2015).  
Synthesizing the evidence brought forth interventions pertaining to nurse-driven 
extubation protocols in post-operative cardiac surgery patients.  Outcomes evaluated in 
the body of evidence for extubation rates less than six hours were hospital length of stay, 
intensive care unit length of stay, prolonged mechanical ventilation, risk of operative 
mortality, reintubation rates, and time to extubation (see Table B.2).  Extubation rates 
less than six hours is a benchmark set forth by the Society of Thoracic Surgeons.  Cove et 
al. (2016), Fitch et al. (2014), Crawford et al. (2016), Gutsche et al. (2014), Hefner et al. 
(2016), and Soltis (2015) all demonstrated increases in extubation rates less than six 
hours with a standardized extubation protocol. Hospital length of stay was decreased in 
Crawford et al. (2016) and Miller et al. (2014) and intensive care unit length of stay was 
decreased in Wong et al. (2016), Cove et al. (2016), Crawford et al. (2016), Miller et al. 
(2014), and Soltis (2015). Additionally, with an extubation protocol present, prolonged 
mechanical ventilation was decreased in Fitch et al. (2014), Gutsche et al. (2014), Hefner 
et al. (2016), and Soltis (2015).  
Prolonged mechanical ventilation (i.e., greater than twelve hours following 
cardiac surgery) was another outcome measured by the studies within the body of 
evidence.  Fitch et al. (2014), Gutsche et al. (2014), Hefner et al. (2016), all examined the 
impact of a standardized extubation protocol on prolonged mechanical ventilation and all 
demonstrated a statistically significant reduction in extubation time (no P>0.01).  Risk of 
reintubation was also evaluated within the studies presented. Cove et al. (2015), 
Crawford et al. (2016), Fitch et al. (2014), Gutsche et al. (2014), and Hefner et al. (2016) 
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demonstrated no statistically significant impact of standardized extubation protocols on 
risk of reintubation.  Miller el. (2014) evaluated the outcome of intensive care unit and 
hospital length of stay and not extubation time. In this study, patients extubated greater 
than six hours post cardiac surgery had a statistically significant increased intensive care 
unit length of stay (P<0.001) and an increased hospital length of stay (P= 0.05).  
Emerging across the studies are interventions for extubation protocols for cardiac 
surgery patients.  These interventions for successful early extubation of post-cardiac 
surgery patients are included in Table B.3.  In all but one study, a multidisciplinary 
protocol demonstrated increased extubation rates or decreased time to extubation.  Miller 
et al. (2014) discusses the importance and success of a milestone driven approach for a 
multidisciplinary protocol (P < 0.001). 
Paralytic reversal at lower body temperatures reduced extubation time in only two 
out of the 10 studies; therefore, this would not be a viable option to be part of the 
extubation protocol.  However, Cove et al. (2016), Fitch et al. (2014), Swiniarski et al. 
(2015), and Gutsche et al. (2014) discussed the importance of initiating re-warming as 
part of the nurse-driven protocol present in those studies.  
Fast track interventions, low dose opioid-based anesthesia, and a time-directed 
protocol, were implemented in four of the 10 studies (Wong et al., 2016; Gutsche et al., 
2014; Hefner et al., 2016; Soltis, 2015).  Implementing fast track interventions for 
standardizing extubation statistically significantly increased extubation rates, decreased 
time to extubation, and statistically significantly decreased intensive care unit length of 
stay in one study (Wong et al., 2016).  When these interventions were partnered with 
nurse-driven extubation protocols, Cove et al. (2014), Swiniarski et al. (2015), Miller et 
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al. (2014), Soltis (2015), and Tingsvik (2014) demonstrated a statistically significantly 
decreased time to extubation, decreased hospital and intensive care unit length of stay.  
Miller et al. (2014) and Tingsvik (2014) also discussed the importance of team rounding 
and the effects of nurse autonomy on care giving as positive interventions within a 
successful nurse-driven extubation protocols.  In addition, these were all aspects of fast 
tract interventions.  
Finally, the studies evaluating nurse-driven extubation protocols rather than fast 
track interventions, included pain medications, use of sedatives for hypertension 
management, reminder signs and visual management boards present for the 
multidisciplinary team to visualize, electronic medical record changes for protocol 
implementation and standardization of care management for post cardiac surgery 
patients.  Fitch et al. (2014), Gutsche et al. (2014), Hefner et al. (2016), and Soltis (2015) 
concluded that utilizing pain management and sedatives for hypertension management 
was a culture needing to be changed.  This was best represented within the electronic 
medical record to standardize the extubation protocol among all nurses caring for patients 
post cardiac surgery.  In doing so, time to extubation was significantly increased (P < 
0.001) when hypertension, pain and anxiety were treated per protocol without having 
redundant orders present.  
In Appendix C, the entire body of evidence is provided in an evaluation table 
from which the data were extract for each synthesis table.  Furthermore, data provided 
development of the project implementation plan.  These are presented based on level of 
evidence.  The body of evidence demonstrates that extubation of cardiac surgery patients 
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within six hours post-operative can be increased by the implementation of a standardized, 
nurse-driven extubation protocol.   
Recommendation from Evidence Synthesis 
The PICOT question of in intubated post-operative cardiac surgery patients, how 
does a nurse-driven extubation protocol compared to no standardized protocol affect 
extubation rates within six hours post-operative produced a body of evidence that 
underwent evidence synthesis and evaluation. Therefore, per evidence synthesis, the 
recommendation would be to develop and implement a nurse-driven multidisciplinary 
protocol to facilitate standardized early extubation (i.e., within six hours post-operative) 
in cardiac surgery patients.  
Evidence-based practice is a paradigm and lifelong problem-solving approach to 
clinical decision making.  It involves the conscientious use of the best available evidence 
with one’s own clinical expertise and patient values and preferences to improve outcomes 
for individuals, groups, communities, and systems (Melnyk & Fineout-Overholt, 2015).  
As such, in the current setting of the cardiothoracic intensive care unit (CTICU) in a large 
528-bed tertiary care hospital, careful multidisciplinary collaboration is imperative for the 
formation of a standardized nurse-driven extubation protocol.   
Conceptual Basis for the Implementation Project 
The Iowa Model will help craft the preliminary implementation plan (see 
Appendix D) that will be extracted from the evidence, with a clear outline from the 
synthesis to intervention, outcomes and process.  The Iowa Model identifies problem 
focused triggers and knowledge focused triggers.  Problem focused triggers include 
 
9 
patient outcomes, process improvement, internal and external benchmarking data, 
financial data, and identification of a clinical problem.  Knowledge focused triggers refer 
to the literature, national standards and guidelines, and the philosophies of care.  
Together, the triggers identify a priority for the organization and create a culture of 
inquiry.  Part of this process, as outlined in the Iowa Model for Evidence Based Practice, 
involves discussion and engagement with key stakeholders (Curley & Vitale, 2016).  For 
example, paralytic reversal isn’t recommended in the current CTICU.  Focus will aim to 
warming patients considerably faster with the use of fluid/blood warmers in addition to 
warming blankets.  The cardiac surgery order set in the electronic medical record is in the 
review process to omit redundant pain medication and sedative order sets and to clarify 
the medication indication.  This way, morphine and versed will not be used to control 
hypertension, but be used appropriately for pain, agitation and anxiety.  Likewise, the 
appropriate titration of vasoactive drugs will also be implemented in the cardiac surgery 
order set in the electronic medical record to ensure autonomy and standards are 
competently utilized.  All protocols present in the literature will be reviewed by the 
multidisciplinary team to render expert consensus on what will be best for the patient 
population in the CTICU.   
Additionally, the evidence synthesis illustrates the importance of reminder signs 
and visual management boards.  This too will be implemented in the CTICU.  Visual 
management, as part of Lean intervention, aims to create a work environment that is self-
explaining, self-ordering, and self-improving. Visual management tools have been used 
to motivate and engage in continuous improvement work. Tools, such as whiteboards 
have the potential to be helpful in process improvement, autonomy, and to serve as a 
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communal memory tool helping with communication of time focused, up to date 
information (Ulhassan et al., 2015) such as extubation rates. 
In following the Iowa Model, with continued monitoring for outcome 
improvement, the process needs to be sustainable; quantifiable, easy to define, and lend 
itself to standardization (Curley & Vitale, 2016; Melnyk & Fineout-Overholt, 2015).  
This will likely include future electronic medical record changes to ensure data can be 
extracted and analyzed as to maintain early extubation rates per benchmark date by the 
Society of Thoracic Surgeons.  Identifying outcomes, applying evidence at the population 
level, using information systems to improve population outcomes, evaluation of practice 
at the population level are all imperative for a successful evidence-based project 
implementation.  Furthermore, building collaborative relationships among key stakeholders 
and engaging a broader population will lend to a successful and sustainable change.  
Theoretical Framework 
With the AACN Synergy Model of Patient Care, core competencies of nurses are 
concentrated into eight key concepts: clinical judgment, advocacy, caring practices, 
collaboration, systems thinking, response to diversity, clinical inquiry, and facilitation of 
learning (Becker et al., 2006; Brewer et al., 2007; Curley, 1998; Kaplow & Reed, 2008; 
Hardin, 2015; Kohr, Hickey, & Curley, 2012).  Excellent nursing care is often invisible 
and from the perspective of preventing adverse outcomes, it should be.  Safe passage 
requires that the nurse know the patient and have an in-depth knowledge of the patient’s 
typical responses (Curley, 1998).  In doing so, caring practices optimize and make visible 
clinical judgment. With regards to nurse-driven protocols for early extubation, the nurse 
competencies of clinical judgment, advocacy, caring, collaboration with the 
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multidisciplinary team, systems thinking, response to diversity, clinical inquiry, and 
facilitation of learning are evident.  According to the Synergy Model, when patients’ 
characteristics and nurses’ competencies match and synergize, patients’ outcomes are 
optimized (Becker et al., 2006).  For early extubation in post-cardiac surgery patients, 
this would be indicated by increased extubation rates in within six hours post-operative.  
The Synergy model views patients in the context of their environments, or 
population, and as active participants in the care process. Thus, the responsibility and 
accountability for optimal outcomes is shared. Three levels of outcomes are delineated: 
those derived from the patient, those derived from the nurse, and those derived from the 
healthcare system.  Patient outcomes are the functional changes, behavioral changes, 
trust, ratings, satisfaction, comfort and quality of life associated with early extubation, 
specifically, decreased hospital and intensive care unit length of stay.  Nurse outcomes 
are the physiological changes, presence or absence of complications, and the extent to 
which care, or treatment objectives were attained, in this case, autonomy for a nurse-
driven extubation protocol.  Systems outcomes refer to cost and resource utilization, 
specifically as it relates to reduced length of stay in the intensive care unit (Becker et al., 
2006; Brewer et al., 2007; Curley, 1998; Kaplow & Reed, 2008; Hardin, 2015; Kohr, 
Hickey, & Curley, 2012).  In conclusion, it is important to note that patient outcomes, 
nurse outcomes and system outcomes are empowered to impact global health in 
population-based nursing through disseminating evidence (Curley & Vitale, 2016; 
Melnyk & Fineout-Overholt, 2015). This evidence-based innovation project for early 
extubation of post cardiac surgery patients is feasible and imperative to ethically sound 





Project Design and Methodology 
The Organization 
 The organization is a 528-bed tertiary care hospital. The hospital is the largest of 
five in a newly integrated healthcare system location in Rochester, New York.  Led by a 
system chief executive officer, each hospital has a president and a chief medical officer 
(CMO), chief nursing office (CNO), a group of nursing directors and nurse managers at 
the unit level.  The cardiothoracic intensive care unit (CTICU) is led at the local level by 
the nurse manager, who works collaboratively with the newly hired clinical nurse 
specialist (CNS), the administrative clinical leaders (ACLs), and the clinical resource 
nurse (CRN) (see Appendix E).  Approximately 40 registered nurses (RNs) work in the 
CTICU and report through one of the three ACLs to the nurse manager. The CTICU is 
also supported by full-time respiratory therapists.  The chief of cardiothoracic surgery 
leads the team of three cardiac surgeons, two thoracic surgeons, and five advanced 
practice providers (APPs). Additionally, the chief works in collaboration with cardiac 
anesthesiology and the cardiothoracic operating team of perfusionists, registered nurses, 
and technicians.  
 The key stakeholders for this project are the chief of cardiothoracic surgery, 
APPs, the CTICU nurse manager, CNS, ACLs, CRN, RNs, patient care technicians 
(PCTs), respiratory therapists, patients and their families.  Together, this team of key 
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stakeholders work collaboratively to facilitate early extubation of cardiac surgery patients 
less than six hours end anesthesia time to meet the Society of Thoracic Surgeons 
benchmarking data.  
Intervention 
Based on the synthesis of the evidence (Appendix B), the project plan was 
constructed.  The initial step in the plan was to educate all key stakeholders on the 
evidence-based practice process.  Engagement and creating the culture of inquiry was 
imperative to forming a key stakeholder committee dedicated towards implementation of 
the evidence from the literature.  The stakeholder committee was formed, and the 
evidence presented.  The committee is comprised of the project lead, nurse manager, 
CTICU CNS, an APP, lead respiratory therapist, ACL, CRN, two RNs, one PCT.  From 
the body of evidence emerged the importance of a nurse-driven multidisciplinary 
protocol (Cove et al., 2016; Fitch et al., 2014; Gutsche et al., 2014; Hefner et al., 2016; 
Miller et al., 2014; Soltis, 2015; Tingsvik, 2014; Wong et al., 2016).  The 
recommendations from the evidence are that the nurse-driven multidisciplinary protocol 
will consist of three main interventions; reminder signs and display of real time data 
(Fitch et al., 2014; Gutshe et al., 2014; Hefner et al., 2016), active rewarming of post-
cardiac surgery patients (Cove et al., 2016; Fitch et al., 2014; Gutsche et al., 2014; 
Swiniarski et al., 2015), and electronic medical record changes to omit redundancy in 
orders, specifically vasoactive medication titration and hypertension medication 
management (Fitch et al., 2014; Gutsche et al., 2014; Hefner et al., 2016; Soltis, 2015) 





Early Extubation Implementation Plan 
Date Step 
Intervention plan: What, 











0 Education & staff engagement 
of EBP, committee formed of 
key stakeholders  
• Project Lead rounding daily 
with key stakeholders. 
Presenting EBP process; 
evidence tables, & EBP 
mentoring for all 
stakeholders 
Wong et al., 
2016; Cove et 
al., 2016; Fitch et 
al., 2014; 
Gutsche et al., 
2014; Hefner et 
al., 2016; Miller 























1 Reminder signs for end 
anesthesia time, 4 and 6-hour 
mark for extubation  
• Times indicated on patients’ 
whiteboards in rooms 
 
Incorporate real time 
extubation data into Visual 
Management Boards in 
CTICU 
• Data maintained by CNS  
• Posted under “quality” and 
updated daily 
Fitch et al., 2014; 
Gutsche et al., 




• Baseline: 0% 
compliance 
• Completion date: 
1/29/18  
• Ongoing audits 





tool on iPad to 
capture white 
board & VMB 
compliance 
• Goal: 100% 
compliance by 




2 Education, training, 
competency validation on fluid 
warmers for all patients post 
cardiac surgery 
• Educational materials: 
manufacturer instructions 
• On unit education provided 
in 0720 morning huddles 
when patient acuity allows 
• On unit education in the 
moment, when patient 
acuity allows 
• When patient acuity does 
not allow for in the moment 
education, the team have 
the deadline of 1/29/18 to 
complete the education 
Cove et al., 
2016; Fitch et al., 
2014; Swiniarski 
et al., 2015; 
Gutsche et al., 
2014 










System (LMS) by 












3 Cardiac Surgery Order Set 
electronic medical record 
(EMR) revisions 
Order set to include: 
Fitch et al., 2014; 
Gutsche et al., 
2014; Hefner et 
al., 2016; Miller 
CNS, APPs: EBP 
interventions to be 







Intervention plan: What, 








• Medication indications for 
pain management & 
sedation to omit redundant 
orders 
• Medication indications for 
hypertension management 
• Indications & parameters 
for titration of vasoactive 
medication titration 
 




Order Set  
 
Final Approval of 
Cardiac Surgery 







submitted to the 
Medical  
Informatics 
committee, Chair  
• Completion 








4 Education on Cardiac Surgery 
Order Set changes 
• Pre-set times for on unit 
education are 0720 & 1520 
daily as patient acuity 
allows 
• Times offered over one 
month to allow for all 40 
nurses to receive education 
• Educational materials: RRH 
System Medication 
Administration Policy & 
Cardiac Surgery Order Set 
Fitch et al., 2014; 
Gutsche et al., 
2014; Hefner et 
al., 2016; Miller 
et al., 2014; 
Soltis, 2015 
CNS, CRN, ACLs, 




• Documented in 





5 Nurse-driven protocol fully 
implemented based on 
evidence: 
1. Multidisciplinary 
2. Active rewarming 
3. Reminder signs 
4. Medication Management 
5. EMR changes to existing 
Cardiac Surgery Order 
Set 
• Temp at which ok to 
extubate (36C) 
• Pain management, 
sedatives for hypertension 
management, vasoactive 
medication titration; 
indications & parameters 
for administration & titration 
to be present in EMR 
5.  Education Materials: 
• Rochester Regional Health 
(RRH) Medication 
Administration Policy 
Wong et al., 
2016; Cove et 
al., 2016; 
Crawford et al., 
2016; Fitch et al., 
2014; Swiniarski 
et al., 3015; 
Gutsche et al., 
72014; Hefner et 
al., 2016; Miller 
et al., 2014; 
Soltis, 2015; 
Tingsvik, 2014 
All key stakeholders 




times: 2017 STS 
Data Requested 





(AC) & is 
available upon 
request to the 
Leadership 
Team (CNS & 
Nurse Manager) 
of the CTICU 
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Data Collection and Process Markers 
Ongoing monitoring for improved outcomes will be captured daily by the CNS 
and posted to the visual management board, and yearly by the Society of Thoracic 
Surgeons (STS).  All data, currently and throughout project implementation, is and will 
be collected by our perfusion team and submitted to STS for comparison against the STS 
benchmark and other like hospitals on an annual basis.  The benchmark data does vary 
slightly year to year, and the STS report reflects the previous year.  Data is collected on 
six cardiac surgery procedures; coronary artery bypass graft (CAB), aortic valve 
replacement (AVR), AVR/CAB, mitral valve repair (MVR), MVR/CAB, and mitral 
valve replacement (see Figure 3.1).  Our next anticipated STS report is April 2018. The 
report is held by the Vice President of Cardiac Services for Rochester Regional Health 
and is available upon request by the CNS of the CTICU. This project outcome is to 
increase the percentage of patients extubated in less than six hours over the past two 





Figure 3.1. Baseline organizational data. 
 Additionally, data will be collected for the intensive care unit length of stay (ICU 
LOS) and overall hospital length of stay (HLOS) and will be monitored by the CTICU 
CNS.  Our internal data demonstrates that patients extubated in less than six hours end 
anesthesia time have an average ICU LOS of 1.6 days.  Patients not extubated in less than 
six hours, have an average ICU LOS of 3.9 days.  Likewise, our patients extubated in less 
than six hours have a HLOS of 5.3 days and those not extubated in less than six hours 
have a HLOS of 8.5 days at baseline.  This will be an important outcome measurement as 
length of stay has a direct impact on cost savings (Gershengorn, Garland, & Gong, 2015).  
The goal is to decrease ICU LOS and HLOS by December of 2018.   
 Another important piece of data collection is that of nurse autonomy.  The 
National Database of Nursing Quality Indicators (®), NDNQI provides robust analytics 
to support the importance of nurse sensitive measures (Press Ganey, 2017).  The survey 
for the CTICU is completed every spring, with results released within 30 days.  In 
Summer of 2017, the NDNQI® benchmark mean for autonomy was 4.52.  CTICU was 
4.23.  A goal is to therefore meet or exceed the NDNQI® benchmark for 2018.  
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Autonomy, as a concept, is incorporated into daily huddle discussions centering around 
early extubation in the CTICU.  
Resources and Projected Cost Savings 
The resources necessary for successful implementation of a nurse-drive 
multidisciplinary early extubation protocol in the CTICU are heavily based on labor cost 
for the project lead for assessment, project planning, implementation, and evaluation.  
While the fluid warmers have been in existence in the CTICU, they have not been 
utilized.  Team education of the fluid warmers by the CNS, CRN and ACLs is accounted 
for in the budget plan (see Appendix F). Likewise, data collection that is already being 
generated as part of ongoing data management of the cardiothoracic intensive care unit 
will be captured as labor cost.  Resources, in addition to labor costs, required for the 





required Resource allocation Resource budget 
Fluid warmers • 6 in CTICU 
• Require currently used intravenous 
tubing  
• Maintained by BioMed 
• Not a new resource 
Bair Hugger ® • 12 in CTICU 
• 1 for each patient room 
• Bair Hugger® disposable blankets 
ordered through Central Stores 
 
• Daily par of 6 & are on 
supply cart  
• Part of current protocol 
for admission of 
Cardiac Surgery 
patients to the CTICU 




• Blanket warmer in CTICU 
• Stocked by Patient Care Technicians 
(PCTs)  
• Part of current par order 
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• Blankets from clean utility room 
• Temperature monitored & recorded 
daily for The Joint Commission 
compliance audit by PCT 
• Maintained by Facilities  
White boards • 1 present in all 12 patient rooms 
• Markers and erasers ordered by CTICU 
Unit Secretary  
• Part of current par order 
VMB • 1 present at the Central Nurses’ Station 
in the CTICU 
• Supplies provided through Visual 
Management Team  
• Supplies part of current 
par order through RGH 
Nursing Administration 
budget  
iPad • 1 iPad utilized for daily Electronic 
Leader rounding by Nurse Manager 
&/or ACLs 
• Not a new resource 
 Of significance, is the potential cost savings or cost avoidance once the evidence-
based implementation project is embedded within the CTICU culture. The direct impact 
of ICU length of stay alone equates between $7, 213 and $ 21,884 per patient per ICU 
day (Gershengorn et al., 2015).  With an associated decrease in ICU length of stay of 1.6 
days, as our internal data indicates, the potential cost savings for patients extubated in 
less than six hours end anesthesia time is $23,277.60 per patient.  On average, the CTICU 
does 1000 cardiac surgery cases per year; approximately 50% are coronary artery bypass 
grafts (CAB).  Society of Thoracic Surgeon benchmark is 51.6% of CAB surgeries to be 
extubated in under six hours end anesthesia time.  Increasing from current 2016 of 21.7% 
to the goal of 51.6% for 2018 leads to an approximate cost savings of 3.4 million dollars.  
 The goal of any evidence-based implementation project, beyond sustainability, is 
for it to become embedded within culture.  For the CTICU, this would mean that a nurse-




Anticipated Barriers and Logic Model 
It is important to consider the anticipated barriers that may be faced during 
implementation of a project plan.  The project plan is the full implementation to 
sustainability. As such, a logic model becomes imperative in the planning process. What 
are the inputs and outputs? What are the short, medium and long-term outcomes? What 
assumptions are being made in planning for sustainability (see Figure 3.2).  
 
 
Figure 3.2. Implementation plan. 
 
 Major assumptions existing within the logic model are the engagement of key 
stakeholders, support for implementation plan, access to STS data, patient population 
meeting criteria, availability of fluid warmers, key stakeholder retention, competing 
priorities, and leadership support.  Within the logic model are the inputs of culture of 
inquiry, literature search, synthesis and recommendations, and an implementation plan 
based on the evidence.  Outputs are patients meeting criteria for early extubation, having 
1/8/2018 2/27/2018 4/18/2018 6/7/2018 7/27/2018
Reminder Signs/VMB
Fluid Warmer Education & Competency
Cardiac Surgery Order Set Revisions






available fluid warmers and competent nurses to use, bedside reminder signs and 
utilization of visual management boards, understanding the importance of early 
extubation, and a reduction in ICU LOS with a financial return on investment.  While the 
short and medium-term goals focus on increase in awareness and engagement of early 
extubation, and decreasing ICU LOS and prolonged ventilation, ultimately, the long-term 
goal is sustainability; early extubation embedded within the CTICU culture, STS data 
remaining at or above benchmark, and having our NDNQI® autonomy indicator at or 
above benchmark. 
Project Approvals 
 Project approval from the UTT DNP Program, Organizational Approval, and the 
Industry Mentor Contact are included in Appendix H.  The organization is extremely 
excited by this project.  This project an excellent way to showcase evidence-based 
practice as being a rigorous process for the implementation of best evidence for 






Chapter 4:  
Project Outcomes, Impact, and Results 
Completion Outcomes: Data Collection, Measurement and Analysis 
 Data for Early Extubation after Cardiac Surgery: An Evidence-Based, Nurse-
Driven Protocol was collected and maintained by several different methods.  Submission 
of these data to the Society of Thoracic Surgeons (STS) is collected by the perfusion 
team and submitted quarterly. Data are received back from STS in the spring and fall of 
the following year.  Because of the lack of real time data from STS, a Registered Nurse 
(RN) in the Cardiothoracic Intensive Care Unit (CTICU) who also works for the 
perfusion team collects daily STS data points as part of his professional development on 
the Clinical Ladder. He compiles the data, which includes Intensive Care Unit (ICU) 
length of stay and overall hospital length of stay for all cardiac surgery patients. These 
data are then reviewed by the Clinical Nurse Specialist (CNS) and the Early Extubation 
Team in the CTICU. Daily, the data are presented on the Visual Management Board 
(VMB) and discussed during morning huddle by all CTICU team members. In the 
morning huddle extubation of cardiac surgery patients from the day prior are discussed, 
which includes barriers, challenges, successes and opportunities. This has become an 
ingrained process with 100% compliance and a hallmark of the success of the early 




The data were analyzed and collected on six cardiac surgery procedures: 
• Coronary artery bypass graft (CAB) 
• Aortic valve replacement (AVR)  
• AVR/CAB 
• Mitral valve repair (MVR) 
• MVR/CAB 
• Mitral valve replacement 
Frequency of those extubated under six hours, with the associated surgeon, procedure, 
admission temperature, utilization of fluid warmers, and any factors that may influence 
successful early extubation, such as intra-aortic balloon pump and need for ongoing 
sedation are recorded.  Length of stay for the intensive care unit and length of stay for the 
overall hospital visit was also collected.  Because STS records their benchmark in 
percentage for extubation in less than six hours post-operative, all project outcomes were 
expressed as percentages.  
Project Evaluation 
Project implementation went according to the implementation plan (see Figure 
3.2).  In January 2018, when a patient was admitted to the CTICU, reminder signs were 
in place on the ventilators in patient rooms. Education and competency validation were 
documented as complete within the Learning Management System (LMS) for nurses to 
use the evidence-based intervention of fluid warmers on all post-operative cardiac 
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surgery patients.  By February 2018, the nurse-driven protocol had been incorporated into 
the Cardiac Surgery Order Set within the Electronic Medical Record (EMR).  
A lesson learned was the need for ongoing monitoring and evaluation of 
compliance; therefore, an addition to the implementation plan to resolve this issue was 
Extubation Rounds.  These were introduced by the Early Extubation Committee because 
there was an identified need to audit the reminder signs and use of fluid warmers for 
ongoing sustainability post project completion. In Extubation Rounds, the CNS and 
Nurse Manager rounded daily with the RNs at the bedside to identify barriers, challenges 
and opportunities for the immediate post-operative cardiac surgery patients who were still 
intubated. This solution fostered the unit philosophy that at the point of care is where 
empowerment and engagement are operationalized as performance improvement actions.  
Completion Outcomes: Project Impact 
The STS data reflecting the outcomes of the Early Extubation after Cardiac 
Surgery: An Evidence-Based, Nurse-Driven Protocol are not yet available. However, the 
internal data collection process has been rigorous.  Historically local data have been 
accurate when compared with STS.  The outcomes evaluated from February 2018 
through to August 2018 indicated project success.  
Early Extubation 
The percentage of patients extubated in less than six hours went from 10.4% to 
39.8% for AVR; 6.9% to 29.1% for AVR/CAB; 21.7% to 38.1% for CAB; 7.7% to 
50.4% for MVRepair; 0 to 13.8% for MVRepair/CAB; 23.8% to 50% for MVReplace. In 
2016, the average percentage for cardiac surgery patients extubated less than six hours 
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post-operative was 11.7%.  The data from February through August 2018 demonstrated 
an average percentage for cardiac surgery patients extubated less than six hours post-
operative of 36.9%; an increase of 25.2% (see Figure 4.1).  
 
 
Figure 4.1. Percentage extubated <6 hours postoperative baseline 
vs. post-implementation. 
 
Length of Stay 
Length of stay for patients extubated in less than six hours post-operative stayed 
the same post implementation of a nurse-driven protocol for early extubation. This was 
expected because the impact of the nurse-driven protocol was to decrease length of stay 
by having more extubated in less than six hours. However, with an increase in patients 
extubated less than six hours, throughput in the CTICU was positively impacted.  Prior to 
the nurse-driven protocol, at any given time, the CTICU may have to board patients in 
other ICUs; however, with the early extubation protocol, that never occurred.  Overall, 
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at approximately 5.1 days. Likewise, patients not extubated within the six-hour window 
had an had approximately the same length of ICU stay and overall hospital length of stay 
post-implementation. This is important to note, as it lends to a more accurate calculation 
of cost savings.  
Cost Impact 
Prior to implementation, there were approximately 105 patients extubated in less 
than six hours post-operative. The average length of ICU stay is approximately 1.9 days, 
and the average cost is $5166 per patient per ICU day.  For the 332 patients who were 
extubated in less than six hours post-operative during the project, a cost saving of $3.3 
million dollars was realized. Our baseline data in 2016 was 105 patients extubated within 
6 hours post-operative at a cost savings of 1.0 million dollars.  Therefore, the 
implementation of the Early Extubation after Cardiac Surgery: An Evidence-Based, 
Nurse-Driven Protocol resulted in an increase of 227 patients extubated within six hours 
and a cost savings of 2.2 million dollars (see Figure 4.2).  
 
 






















Baseline 2016 Average  Extubated < 6
hrs
Feb-Aug 2018 Average Extubated < 6
hrs
Cost Savings Number of Pts
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National Database of Nursing Quality Indicators ® (NDNQI) 
Prior to 2018, the organization had utilized NDNQI to provide robust analytics to 
support the importance of nurse sensitive measures (Press Ganey, 2017), including that of 
RN satisfaction and the domain of autonomy. Autonomy is an identified concept within 
the AACN Synergy Model, for a nurse-driven extubation protocol.  Summer of 2017, the 
NDNQI® national benchmark mean for autonomy was 4.52.  CTICU was 4.23.  
However, June of 2018, the organization switched to The Advisory Board RN 
Engagement Survey.  It also has an autonomy domain. The benchmark mean for 
autonomy was 5.03 and the CTICU surpassed the benchmark mean at 5.19. This was an 
important process marker for RN engagement for the nurse-driven extubation protocol in 
the CTICU. 
Role Impact 
This project was a success as the nurse-driven protocol became standard of care in 
the CTICU.  While this does not mean all patients are extubated less than six hours post-
operative, or that the STS benchmark is attained, it does mean that the nurse-driven 
protocol is embedded into the standard of care in caring for post-operative cardiac 
surgery patients.  
Prior to project implementation, considerable time was spent mentoring the key 
stakeholders in the evidence-based practice process. Was there a culture of inquiry? How 
could one be created? Sharing the background and significance, showing where we 
should be with our extubation rates, were imperative in creating that culture of inquiry.  
Engaging the CTICU team and empowering them to take ownership of the 
implementation plan was crucial for its success. Ownership come in the form of the 
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formation of an Early Extubation Committee, active participation in daily huddles, and 
utilizing Early Extubation Committee work for professional development on the Clinical 
Ladder.  Through effective leadership, the culture of the CTICU shifted from being 
reactionary to thinking proactively about solutions and opportunities.  
The impact of Early Extubation after Cardiac Surgery: An Evidence-Based, 
Nurse-Driven Protocol has gone beyond that of delivering the highest quality of 
healthcare and ensuring the best patient outcomes at the lowest costs (Melnyk & Fineout-
Overholt, 2015). The impact has been one of a changed culture - now a culture of 
empowerment and engagement. During project implementation, the CTICU also took on 
developing an Extracorporeal membrane oxygenation (ECMO) program, Impella ®, and 
very recently began a ventricular assist device (VAD) program.  Two new cardiothoracic 
surgeons have been hired as well as new Nurse Practitioners (NPs).  The CTICU 
consistently embraced change; striving for success and sustainability.  In reviewing the 
project impact and sustainability, with a role change, I have not been a part of the CTICU 
team for over one year, yet this project was embraced to team ownership. Despite new 
programs, turnover rates, new leadership, and a new CNS, sustainability has been evident 
through the operationalization of the standardized protocol into everyday life for 
admitting and caring for post-operative cardiac surgery patients.  
The role of the DNP is essential for reconceptualizing health professions 
education and development to meet the needs of the healthcare delivery system while 
maintaining quality, safety, and ethical practice.  The DNP graduate must therefore be 
proficient in quality improvement strategies and in creating and sustaining changes at the 
organization and policy levels (Zaccagnini & White, 2011).  Improvements in practice 
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cannot be sustainable without corresponding changes in “organizational arrangements, 
organizational and professional culture, and the financial structures to support practice” 





Chapter 5:  
Project Sustainability Discussion, Conclusions, 
and Dissemination Recommendations 
Sustainability 
 The project plan was grounded in sustainability.  All process makers and data 
collection were selected to move early extubation from project to standard of care in the 
CTICU.  The nurse-driven protocol for early extubation was developed as part of the 
cardiac surgery post-operative order set and incorporated into the EMR.  In 2017, the 
organization received a HealthCare Information Management Systems Society (HIMSS) 
seven designation, which means that the use of the EMR is part of the organizational 
culture.  The HIMSS Analytics EMR Adoption Model is a model that measures 
healthcare organizations on their progress towards achieving the ideal paperless, 
automated and integrated EMR environment where clinical data is being used to improve 
the quality of care and patient safety (HIMSS, 2018).  Incorporating the nurse-driven 
protocol for early extubation in post-operative cardiac surgery patients into the EMR not 
only operationalized it as best practice and standard of care, but also ensured 
sustainability.  
 Ongoing data collection in the CTICU has not changed since prior to project 
implementation. Submission to the Society of Thoracic Surgeons (STS) is collected by 
our perfusion team and submitted quarterly. Likewise, RNs in the CTICU who also work 
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for the perfusion team will continue to collect daily data as part of their professional 
development on the Clinical Ladder. The Clinical Ladder is integral to professional 
development and is reviewed annually. The CNS of the CTICU will maintain the data 
from the CTICU RN as part of the CTICU quality dashboard initiatives helping to drive 
advancements in nursing clinical practice. This is part to the yearly CNS report submitted 
to the Director of Nursing for Critical Care Services and Nursing Clinical Practice.  The 
data remains presented daily on the VMB and discussed during daily huddle.   
 Essential for sustainability is incorporation of the new standard of care into the 
CTICU Orientation Process.  CTICU RN Orientation Skills Checklist comprises all 
nursing competencies to define a CTICU RN as competent to care for patients in the 
CTICU.  The RN Progress Map clearly defines the orientation process with progress 
markers.  Together, with the RN Progress Map, the RN Orientation Skills Checklist now 
include the competencies associated with early extubation of post-operative cardiac 
surgery patients.  These competencies are validated prior completion of orientation. The 
inclusion of these competencies in orientation was important for operationalizing the 
nurse-driven protocol for sustainability. Additionally, all preceptors are held accountable 
for ensuring completion of the Skills Checklist and RN Progress Map. Being a preceptor 
is part of each CTICU RN professional development and is utilized as part of clinical 
ladder advancement.   
Conclusions 
In conclusion, an evidence-based, nurse-driven protocol is successful for 
increasing the number of patients achieving extubation within six hours. Early Extubation 
after Cardiac Surgery: An Evidence-Based, Nurse-Driven Protocol allows nurses to drive 
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the process, improving early extubation rates and decreasing ICU length of stay. This 
nurse-driven protocol outlines evidence-based actions and places the decision-making 
responsibility for the determination of extubation readiness into the hands of the bedside 
nurse in collaboration with the multidisciplinary team.  Its impact is evident in patient, 
nurse and organization outcomes   
Dissemination Recommendations 
The final step in the evidence-based practice process is disseminating the 
outcomes of the EBP change.  While Early Extubation after Cardiac Surgery: An 
Evidence-Based, Nurse-Driven Protocol has been disseminated throughout the hospital in 
which it was implemented; as well the success should be disseminated through 
publication and presentations to the healthcare community at large.  It is so important to 
disseminate the outcomes of practice changes, or in this case a culture change, based on 
evidence through different venues such as oral and poster presentations at local, regional 
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Figure A.3. Cochrane search. 
 
 















Synthesis of Level of Evidence 
Type of evidence 1 2 3 4 5 6 7 8 9 10 
Level I: Systematic review or meta-analysis  ✓          
Level II: Randomized controlled trials           
Level III: Controlled trial without 
randomization 
          
Level IV: Case-control or cohort study  ✓ ✓        
Level V: Systematic review of qualitative or  
descriptive studies 
   ✓       
Level VI: Qualitative or descriptive study  
(includes evidence implementation projects) 
    ✓ ✓ ✓ ✓ ✓ ✓ 
Level VII: Expert opinion or consensus           
1 = Wong et al., 2016; 2 = Cove et al., 2016; 3 = Fitch et al., 2014; 4 = Swiniarski et al., 2015;  
5= Crawford et al., 2016; 6 = Gutsche et al., 2014; 7 = Hefner et al., 2016; 8 = Miller et al., 2014; 
9 = Soltis, 2015; 10 = Tingsvik, 2014. 
a = sig increase >12 hrs intubation; ER = extubation rate; HLOS = hospital length of stay; ICU 
LOS = intensive care unit length of stay; NE = not evaluated; PMV = prolonged mechanical 





Outcomes of an Early Extubation Protocol 
Major variables 1 2 3 5 6 7 8 9 
ER <6hrs NE ↑ ↑ ↑ ↑ ↑ NE ↑ 
HLOS − − NE − a NE NE ↓ NE 
ICU LOS ↓ ↓ NE − a NE NE ↓ ↓ 
PMV  NE NE ↓ NE ↓ ↓ NE ↓ 
ROM ↓ NE NE ↓ NE NE NE NE 
RiR NE − − − − − NE NE 





Synthesis of Type of Intervention 
















Paralytic reversal at  
↓BT/rewarming 
 RN initiated 
rewarming as 
part of NDP 
↓TTE Consider >34C  
if shivering 
controlled 
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sedatives for hypertension 
management 
  ↑TTE  ↑TTE 
 
↑TTE  ↑TTE  
Reminder signs   Y  Y Y    
EMR changes      Y Y   
1 = Wong et al., 2016; 2 = Cove et al., 2016; 3 = Fitch et al., 2014; 4 = Swiniarski et al., 2015; 5= Crawford et al., 2016; 6 = Gutsche et al., 2014; 
7 = Hefner et al., 2016; 8 = Miller et al., 2014; 9 = Soltis, 2015; 10 = Tingsvik, 2014 
a = sig increase >12 hrs intubation; ER = extubation rate; HLOS = hospital length of stay; ICU LOS = intensive care unit length of stay; NDP = 
nurse-driven protocol; NE = not evaluated; PMV = prolonged mechanical ventilation; RiR = reintubation rate; ROM = risk operative mortality; 
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ABG = arterial blood gas; AVR = aortic valve replacement; BT = body temperature; CAB = coronary bypass graft; CCO = composite complication outcome; CS = cohort 
study; CTICU = cardiothoracic intensive care unit; DS = descriptive study; DV = dependent variable; EMR = electronic medication record; ER = extubation rate; HLOS = 
hospital length of stay; ICU LOS = intensive care unit length of stay; IV = independent variable; MI = myocardial infarction; MV = mechanical ventilation; MVR = mitral 
valve replacement/repair; OR = odds ratio; PLOS = post-operative length of stay; PMV = prolonged mechanical ventilation; POCS = post-operative cardiac surgery, PS = 
patient shivering; PTS = patients; ROM = risk of operative mortality; RR = relative risk; RiR = reintubation rate; RT = respiratory therapy; SR = systematic review; 























































DNP (EPIP) Project: Nurse-Driven Protocol for Early Extubation in Cardiac Surgery 
     












Develop Specifications for Project 10 $45.00  $450.00  
Identify Key Stakeholders 1 $45.00  $45.00  
Prepare Project Timeline 10 $45.00  $450.00  
Assess Organizational Readiness 50 $45.00  $2,250.00  
Gather Internal Data 5 $45.00  $225.00  
Subtotal 76 $225.00  $3,420.00   












Identify and Task Key Stakeholders 5 $45.00  $225.00  
Set up Plans to Collect Data & Identify 
Personnel 
5 $45.00  $225.00  
Internal Data Collection Across Timeline 25 $45.00  $1,125.00  
Subtotal 35 $135.00  $1,575.00   















 Evaluation Current Equipment Set-Up 1 $33.00  $33.00  
Fluid Warmer Competency Training 15 $33.00  $495.00  
Perform Checkpoint Project Review 11 $45.00  $495.00  
Order Set Review 3 $45.00  $135.00  
Archive Materials for Future Use 5 $45.00  $225.00  
Subtotal 35 $201.00  $1,383.00   











 Stakeholder Progress Meetings 25 $45.00  $1,125.00  
Internal Status Meetings 25 $45.00  $1,125.00  
Interface to Other Internal Departments 5 $45.00  $225.00  
Leadership Meetings 15 $45.00  $675.00  
Quality Assurance 5 $45.00  $225.00  
Overall Project Management 100 $45.00  $4,500.00  
Subtotal 175 $270.00  $7,875.00  
     
 
Subtotals 321 $831.00  
$14,253.0
0  
 26% for Benefits     $3,705.78  
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